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ABSTRACT 

In 1 earning the Japanese 1 anguage , kan j i i di om 
learning is as important as kanj i (Chinese characters) learning. A 
kan j i idiom intelligent computer assisted instructional (iCAl) system 
called JUGAME was developed. It can handle approximately 3,000 kanji 
idioms and has a puzzle game environment within a learning 
environment using Open Software Foundation (OSF) /Motif graphic user 
interface. In this environment, it is the goal of the game for 
students to find all kanji idioms hidden in the puzzle by combining 
puzzle elements (kanji). Although it is generally said to be 
difficult for foreigners to learn kanji idioms, they can be learned 
through playing the puzzle game without loss of learner motivation. 
Moreover, JUGAME does not prepare the puzzle patterns in advance. 
According to the teaching strategy, JUGAME generates an adaptive 
puzzle pattern focusing on the knowledge level of the student. JUGAME 
has been implemented on SONY EWS NWS-1750. Concepts are illustrated 
in four figures. Contains seven references. (Author/MSE) 
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Abstract: In learning the Japanese language, kanji idiom learning is as impor- 
tant as kanji(Chinese characters) learning. We have developed a kanji idiom 
learning ICAI System called JUGAME. It can handle approximately 3,000 ■ ^nji 
idioms and has a puzzle game environment within a learning environment us- 
ing OSF/Motif graphic user interface. In this environment, it is the goal of 
the game for student to find all kanji idioms hidden in the puzzle by com- 
bining puzzle elements(kanji). Although it is generally said to be difficult for 
the foreigners to learn kanji idioms, they can learn kanji idioms through play- 
ing the puzzle game without losing their motivation. Moreover, JUGAME does 

itt'^o fx^^'^ ^"^^'^ P^"^'"' According to the teaching strategy, 

J UGAME generates an adaptive puzzle pattern focusing on the knowledge level 
of the student. We have implemented JUGAME on SONY EWS NWS-1750 



^ one of 1 ZtTlT'^T ^^"^.'-^^^rV'^ '^P^"""^ '^"^"^^^ Kanji learning 

nee^?! /oo5 ^ " °^ ''"'"'"^ ''^"^"^g^ Japan, and they 
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^ itHINlakajima, 1988, Hayashi, & Yano, 1991; Bhatia, 1992; Walters, Fahy, Nakamura k Reid 1992) and 

kanj. earning CAI applications (Yamasaki, Yamamoto, & Inokuchi, 1990; Hayashi, & Yan 1993) hive 
^ crd'rUGTME^lno'"M'^"l°'l' a l^nji idiom learning ICAI system with a'puz^le game enviroim 

Q ■ andt consit^S H ' ' f Hayashi, 1993) under the guideline of environmental ICAI system 

W l l T , ^""i^'" ''"°^'^dS« base for kanji idioms, a learning environment, a puzzle genera- 

or teadung control module) and an advisor(Fig. 1). The educational aim of JUGAME is for fore Iner 
o learn kanji idioms and their structure, meanings, pronunciations and the related idioms. Yn addUi n 

UG AMe" "^'^ °' ''^"j' '^'""^^ --^-'^^^d only two kanji 

ment fhe t^^Le^Ss to' ^^"^ " ' •^^^"^"^ environment.'ln this environ- 

ment, the student tries to construct kanji idioms from a combination of puzzle elementsf kanii) and s/hP 

constructed kanji idioms from a dictionary function of JUGAME. The patterns of the kanji puzzles are 
not prepared in advance but JUGAME automatically generates a kanji puzzle. The h dden kL,' d L'^^^^ 
are appropriate for the knowledge level of the student because the teachLg contrormodu e select thrm 
in?1 t" ^'^^7,^^'"^ ''!^''^y- ^" ^^^i^i-. advisor function helps the'stui a" id Ut gtl 
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N i., UJW (Usage of Idiomatic Words) and relational words, "RIW" (Relation between Idiomatic 
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Figure 1 System Configuration 



Words). SIW puts emphasis on the relationship between a kanji idiom and its kanji components. SIW 
represents the kanji components, their meanings, and their pronunciations. In addition, SIW represents 
the relationship between the two kanji components. UIW puts emphasis on the attributes of a kanji idiom. 
UIW consists of the meanings, the pronunciation and so on of the kanji idiom. RIW puts emphasis on 
the relational idioms, such as homonym, synonym and antonym, of a kanji idiom. We do not represent 
RIW explicitly because RIW is inferred from the attributes of kanji idioms in most cases. 



Table 1 Triplet Representation of Kanji Idiom 





Triplet representation 


Example 


SIW 


(<idiom>, CONSTRUCTION, <kanji>) 
(<idiom>, <kanji>, <meaning of kanji>) 


(4^?L, CONSTRUCTION, ^) 
(4^?L, CONSTRUCTION, ?L) 
(4^IL, 4^, cow), (4^IL, IL, milk) 


UIW 


(<idiom>, READING, <reading>) 
(<idiom>, MEANING, <meaning>) 
(<idiom>, CONCEPTION, <conception>) 


(4^?L, READING, gyuunyuu) 
(4^IL, MEANING, cow's milk) 
i^fl CONCEPTION, drink) 



Implementation of the Knowledge Base 

For implementation of the knowledge base for kanji idioms on a computer, the kanji idiom knowledge is 
represented by triplets Triplets consist of an entity, an attribute and a value, formalized as (e, a, v) = 
(entity, attribute, value). Attributes refers entities to values. Any triplet can be used as search conditions 
in the knowledge base module. The elements e, a, u of a triplet can have as a meta-diaracter. 
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matches with all strings. For example. (£, A. *) matchos with all triplets of which the entity is E and 
the attribute ,s A. We call these searclies "asterisk searches". We represent kanji idioms' data in triplet 
format. Table 1 shows an example of the triplet representation of "4^?L." 

Searching of Kanji Idiom Knowledge 

In the knowledge base, SIW and UIW are scarclied by asterisk searches but RIW cannot be searched 

^^^^""^^ ''"^ "^'"^^'^ ^° ^^"^ relational kanji idioms. Therefore, 

JUGAME has some searching procedures to find the relational kanji idioms. With regard to RIW search, 
for example, a synonym search finds some synonyms using the combination of the asterisk searches For 
example, if the search condition is then JUGAME finds READING, igai) using an asterisk 

searc.w.th(g^ READING, *). Then JUGAME finds [M^, READING, igai) using an asterisk search 
with (*, READING, igai). In this way, JUGAME can find the synonyms. 




Figure 2 Learning Environment of JUGAME 



Learning Environment 

In^t^hpt!^ an appropriate learning environment for students who have already learned several kanji 

Th at rrb',r' '""T ' ''T"'' ''^'"^ The structure of kanji idioms; (2) 

Ihe attributes, such as meaning and pronunciation, of kanji idioms; and (3) The relational idioms, such 
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as synonyms, of kanji idioms. The student can learn the above knowledge indirectly, while s/he solves 
the kanji idiom puzzles in the learning environment. We think that playing the kanji puzzle game will 
motivate the student into learning new kanji idioms. 

Configuration of the Learning Environment 

Fig. 2 shows the learning environment. The learning environment consists of a puzzle field, a kanji idiom 
field, a message field and puzzle operation buttons. 

JUGAME generates kanji puzzle patterns automatically. The kanji puzzle consists of nine kanji placed 
in 3 by 3 matrix. There are nine buttons called shift buttons around the matrix. The student can perform 
some of the operations of each row and each column of the kanji puzzle by clicking on a shift button. 
The student can rotate a row of three kanji to the right or to the left by clicking on a shift button. The 
student can also move a kanji up or down by a similar column operation. 

There are twelve buttons called check buttons between each adjoined kanji. If a student thinks this 
seems to be a kanji idiom focusing on a pair of two kanji after some row and column operations, s/he 
can choose the pair by clicking on the check button between the two kanji. The two kanji change color 
highlight this indication. The student can also choose other pairs of kanji this way. After some of the 
above operations, the student can check whether the kanji pair becomes a kanji idiom or not by clicking 
on the try button. After clicking on the try button, JUGAME searches the kanji idiom constructed by 
the kanji pair. If JUGAME can find the kanji idiom, it shows and stores the kanji idiom in the kanji 
idiom field. On the other hand, if JUGAME cannot find the kanji idiom, it prints a comment such as. 
"No kanji idiom is constructed by this kanji pair" in the message field. If the r .adent can find no kanji 
idiom in the kanji puzzle, the student can learn some unknown kanji idioms in the kanji puzzle by clicking 
on the help button. The student can construct kanji idioms through easy these button operations. 

Illustrated Play of Puzzle Game 

The student can learn kanji idioms by going through the above operations. Fig. 3 shows an example of 
the kanji puzzle operation. Example A shows the construction process of kanji idiom A^. Example 
B shows the other construction process of the kanji idiom A^. In addition, it happens that A is 
constructed at the same time in example B. 

Puzzle Generator 

Selection of Puzzle Element 

The student is allowed to learn freely in an environmental CAI system. If the learning control by the 
system is implicit, it does not prevent her/him from learning freely. We adopt the implicit teaching 
strategy for JUGAME. When JUGAME generates a puzzle, it can control student's action implicitly. 
JUGAME has three teaching processes: (1) the basic knowledge teaching process; (2) the knowledge 
stability diagnosis process; and (3) the relational knowledge teaching process. The basic knowledge 
teaching process is to teach kanji idioms themselves, the pronunciations, the meanings and so on. If the 
student can construct a kanji idiom on the puzzle game, JUGAME assumes that either the student knows 
the kanji idiom, or it is unknown to her/him and the student has guessed. If the student did not construct 
a kanji idiom from puzzle, it is continuously adopted a.s a puzzle element in the following puzzles. The 
knowledge stability diagnosis process is to diagnose whether a kanji idiom which is passed from process 
(1) is stabilized knowledge or not. Based on a hypnosis that a student can use stabilized knowledge for 
problem solving even if it has been long time since s/he learned of the knowledge, this process is executed 
over a long interval. If the student constructs the kanji idiom again in this process. JUGAME a^isumes 
that the kanji idiom is stabilized knowledge. If the student cannot construct the idiom again JUGAME 
assumes the student guessed and the idiom is sent back to process (1). The relational knowledge teaching 
process is to teach some relational knowledge of the stabilized kanji idioms. In this process, the elements 
of the puzzle are relational kanji idioms, ^'ilthough there arc many types of relational kanji idioms, this 
process selects the proper types and adopts some kanji idioms of these types as puzzle elements. 
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Example A: Construction of " J\W.(jinkeii :human rights)" 
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Figure 3 Illustration of Game Progression 



Parallel Execution of Teaching Process 

In ITSs a process for teaching knowledge cannot run until the previous process for teaching other knowl- 
edge has finished. On the other hand, JUGAME has the potential to teach many kanji idioms during one 
puzzle game. U^ng th.s feature, JUGAME can execute different processes for teaching many idioms at 
the same t,mc. For example, JUGAME can execute the basic knowledge teaching process for idiom A, 
he knowleage stabihty diagnosis process for idiom B and the relational knowledge teaching process for 
id.orns C and D during one puzzle game. By the parallel execution of these three processes, JUGAME 
can each many kanji id.om. effectively. For the implementation of the processes, we adopt multiple 
agen s as respective teaching processes. The agents adjust each request by their message passing and 
select the elements for the new puzzle. Fig. 4 shows the teaching processes and the respective agents 

Puzzle Generation 

xZ?t^^T^'T ""T automatically using the following processes: First it selects four or 

less kanji Idioms based on the teaching strategy; Then it separates each kanji idiom into two kanjrind 

kann'St to hZ I "k ^^"'^P'''' ^^"j' ^^"ii I'^t and adjus s the 

kanj, hst to have nine kanj. by adding some random kanji into the kanji list; Then it picks out all kanii 

generate a kanji puzzle which consists of the nine kanji and checks whether the kanji idiom is already 
onstructed or not ,n the puzzle using the idiom list. If it finds the constructed idiom, Tn t pe orms 

the previous process again. If it cannot find the kanji idiom, then it performs the nex procesl F X 

.t puts the generated puzzle in the puzzle field. For example, in the case of Fi^l JUGAME^^^ S 
our kanji idioms such as "A^^", "Am", "A4", and "AP" ba.sed on the teachi^.g al first ThL a i 

idioms contain * A Next it oxtrftrf<; * ^ d-iw ^ . ^^'^^6 nibi. iiiese Kaiiji 
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Figure 4 Teaching Processes and Their Agents 



kanji puzzle pattern which includes the nine kanji. 



Conclusion 

In this paper, we described an environments ICAI system called JUGAME which has a puzzle game 
environment. In this environment a student tries to solve a puzzle by constructing kanji idioms using the 
puzzle elements(kanji). The student's actions lead her/him to learn kanji idioms. We think that JUGAME 
gives a new and motivated learning environment for foreigners to learn kanji idioms. Moreover, JUGAME 
can control the generation of puzzle patterns implicitly using the teaching control module. This module 
can select appropriate kanji idioms hidden in the puzzle by referring to her/his knowledge stability. 

We have developed JUGAME using C language and OSF/Motif GUI Ubrary (a part of JUGAME is 
coded by XUb level programming) on SONY EWS NWS-1750. The knowledge base of JUGAME stores 
2,826 kanji idioms and they are represented by approximately 35,000 triplets. In spite of many triplets, 
JUGAME can search through inform.ation and generate appropriate puzzle patterns quickly. 
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